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S U M M A R Y  

The simultaneous e f f ec t  of radiowave s c a t t e r i n g  and r e f r a c t i o n  

is considered in a two-corsponent model of the  s o l a r  corona upon t he  ob- 
served pos i t i on  of a d i s c r e t e  source, when the l a t te r  is ec l ipsed  by t he  
supercorona. Estimates are given of the  d i s t o r t i o n  of the shape of the  
source a t  angular distances  of the order  of (3 + 10)R.from the  center  
of the Sun, 

z 

* * 
A representa t ion  has been developed of the  Sun's supercorona as 

a two-component model, consis t ing of the  regular  e lec t ron  densi ty  compo- 
nent and of a s t a t i s t i c a l l y  inhomogenous (or  r a d i a l )  component, with a 
r e l a t i v e l y  slow decrease of e lec t ron  concentration, as t he  dis tance from 
the  center  of the Sun increases. 

Yhen inves t iga t ing  the Sun's supercorona by the  translucence 
method using Crab-nebula types of rad io  sources,  i t  is n a t u r a l  t o  assune 
t h a t  the 2nd cornponent is the only one b a s i c a l l y  responsible  for radiowave 
r e f r ac t ion .  Inasmuch as the 1st component is character ized by a r e l a t i v e l y  
raSid decrease of e lec t ron  concentration as t he  dis tance from the Sun 
increases ,  one may assume t h a t  t h e  e f f e c t  of radiowave s c a t t e r i n g  W i l l  
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preva i l  at g rea t  angular distances  from t h e  Sun's cen te r  (r - lORQ),  
w h i l e  the  r e f r a c t i o n  of navels can be disregarded. However, at distances - (3 -8- 10) Rg, when both e f f e c t s  ~u 'e  s i g n i f i c a n t ,  t h e  problem of simulta- 
neous e f f e c t  of s c a t t e r i n ?  and r e f r ac t ion  m u s t  be solved : when a r a d i o  
wave t r a v e l s  g rea t  d i s tances ,  t h e  l a t t e r  e f f e c t  may l e a d  t o  t he  d i e t o r t i o n  
of t he  v i s i b l e  shape of t h e  rad io  source and t o  add i t iona l  increase  of 
s c a t t e r i n g  

W e  shall examine f o r  a preliminary est imate  of the  expected Source 
shape d i s t o r t i o n  t h e  case,  when a r e f r a c t i v e  displacement is superimposed 
on t h e  s c a t t e r i n g  p a t t e r n  a f t e r  t he  passage by the r a d i o  wave of a statis- 
t i c a l l v  inhomogenous medium containing only t h e  second component of elec- 
t ron  dens i ty .  

The aeDendence of t h e  nean e l ec t ron  concentrs t ion N e  on t h e  die- 
tance t o  the  center  of t h e  Sun i~ well apnroximeted by t h e  formula c23: 

where hl = 0,9l!)s. IO7, k p  = 0,6596. lo5. 121 = 2,9658, n2 = 1,3517, P is t he  dis tance from 
the  center  of t h e  Sun expressed i n  s o l a r  radius' un i t s .  L e t  us compute t h e  

r e f r a c t i o n  R i n  t h a t  model of t h e  solar corona. 

The r e f r a c t i v e  index of t h e  regular  component of the supercorona 
may be w r i t t e n  

n(p) = 1 - An, A n  (< 1, 
(0.91~107 + o,a- iw) (2) 

An = 4,47. 10-10 A t  
p1.S 9 

w h e r e  I - is  t h e  ravelenyth ir_ ae te r s .  Let  us consider  a system of coordina- 

t e s  ( z , r )  wit:.: tke or iEin  a t  t h e  cen ter  of t h e  Sun, ir, which t h e  plane 

electromagnetic rave propagates along t h e  d i r e c t i o n  p a r a l l e l  t o  t h e  axis 3. 
If we neglect  the rays '  d i s to r t ion ,  t h e  r e f r a c t i o n  i n  t h e  d i r ec t ion  r (An((1) 
p i l l  cons t i t u t e  

T n ( r ,  z )  dz - n(r + A r ,  z )  dz 
R = Itm -W -m - - 2 j An(r ,  z )  dz. (3) 

A r -0  Ar dr 
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S u b s t i t u t i n g  (2) i n t o  ( 3 )  and d i f f e r e n t i a t i n g  over E ,  we s h a l l  obtain the  
expression 

cha rac t e r i z ing  the  dependence of t h e  r e f r a c t i o n  on wavelength and distance 
t o  t h e  cen te r  of t h e  Sun. Note t h a t  in our problem the dependence R ( A )  ie 
not quadra t i c ,  inasmuch as t he  auant i ty  r (pos i t i on  of 6ource's boundariee) 

depending upon t h e  deqree of s c a t t e r i n g ,  i t s e l f  funct ion of A ,  en te r8  I n t o  
t h e  expression (4). 

We s h a l l  u t i l i z e  the  values a,, of the  anglee of s c a t t e r i n g ,  w e l l  
known f r o m  t h e  experiments of Crab nebula t ranslucence experiment6 c3 - 41, 
and compiled i n  Table 1 hereaf te r ,  and w e  s h a l l  estimate the  an t i c ipa t ed  
s h i f t  of t h e  e f f ec t ive  center  of g r a v i t y  of source 's  r ad ia t ion ,  and ellso the 
d i s t o r t i o n  of its shape a6 function of r and x*. 

T A B L E  1 

1 

I I 1 I 

The values of #,(t) have been coniputed a f t e r  the d a t a  of Table 1. 
A t  t h e  saue time, ne u t i l i z e a  the representa t ion  of C31. 

* We u t i l i z e d  i n  the present work t he  va lues  of t he  angles  of scatter- 
i n g  of references E3 - 41, r e l a t ed  t o  the years  19% and 1963, when t h e  Sun 
w a s  nearing the  m i n i m u m  period of its a c t i v i t y ,  It w a s  shown in c41 t h a t  
the  e f f e c t  of s c a t t e r i n g  depends upon the  phase of s o l a r  a c t i v i t y #  Evident ly ,  
such a dependence e x i s t s  also for t h e  f i r s t  component charac te r iz ing  the  be- 
havior of t h e  mean concentration of e lec t rons .  However, t he  experiment by 
Blackwell 123 i n  1954 w a s  repeated by no one, and no o the r  d a t a  es l s t  in li- 
t e r a t u r e ,  T h a t  is why we s h a l l  use the  c h a r a c t e r i s t i c s  of t h e  f i r s t  COlPpOEent 
r e f e r r i n g  t o  19% i n  d l  the  numerical estimates. 
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For known 

rl, 
corona, and the  value of r e f r ac t ion  can then be computed for the  found 

rl, r2.* The values  of R l ( r l ) ,  R2 ( r 2 )  
v i s i b l e  shape of t he  source. The r e s u l t s  of ca lcu la t ions  are presented 

i n  Table 2, where ( R ~ - R I ) ~ ~ = A W ~  is t h e  s h i f t  of the  e f f e c t i v e  emission 
center ,  and AR/2 v$ +ai cYnrz.cteriees t h e  r e l a t i v e  magnitude of shape 
d i s t o r t i o n  (Fig. 1 )  

(r) we may cozpute t h e  pos i t ion  of source(s  boundaries P 
r2 af ter  radiowave s c a t t e r i n g  on the inhomogeneities of the  s o l a r  

determine the  d i s t o r t i o n  of t h e  

T A B L E  2 

I 1 1 I I I 1 I I i 

1 6" 

The ca lcu la t ion  shows t h a t  t he  accounting of t h e  simultaneous in- 
f luence of r e f r a c t i o n  and s c a t t e r i n g  of radiowaves leads t o  an i n s i g n i f i -  
cant  displacement of the e f f ec t ive  emission center  in t he  region r >loae; 
t h i s  e f f e c t  becomes s i g n i f i c a n t  a t  distances r ry (3 +7) R e  , and i t  is 
Strongly dependent on 1. Fig. 1 i l l u s t r a t e s  t h a t  dependence; t he  s o l i d  I 
curves are constructed after the da t a  of Table 1 €or 1954, a n d t h e  dot ted  
curves - f o r  1963. The r e l a t i v e  inf luence of source's @o proper angular 
dimensions is more s t rongly  manifest at s m a l l  e,. ~ssuming Go = 0 ,  one 
may obtain estimates for a point source of r a d i o  emission. These r e s u l t s  
allow, i n  pr inc ip le ,  t o  determine by the observed source's  shape d i s t o r t i o n  
the  mean gradients of e l ec t ron  concentration over f a i r l y  mal3 angular dis- 
tances  from the center  of t h e  Sun; its proper angular dimensions can also 
be found the  d i s t o r t i o n  of sou rce t s  shape. 

i 
I 

I 

I 
I 

I 

I 

Inasmuch as the  r e f r a c t i o n  i s  maximum in t he  r e r i o n  of small &, t h a t  is, 
where the  s c a t t e r i n g  angles a r e  equal to@#Z!,we s h a l l  oompute 
source with angular dimensions ,fX+$/z q, r2 for a 

I 
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I n  the works deal ing  with the s t a t i s t i c a l  theory of radiowave 
s c a t t e r i n g  t h e  constancy of the mean value of the  index of r e f r a c t i o n  
is  usual ly  postulated. However, i n  t h e  case of a two-conponent model of 
Sun’s supercorona i t  i s  necessary t o  take i n t o  account the  s m a l l  regular 
v e r i a t i o n s  of t he  index of re f rac t ion ,  which, a t  small angular dis tances  
from the  center  of the  Sun, have about t he  same order  as the  s ta t is t ical  
f luc tua t ions .  

Let  us consider t he  propagation of radiowaves in a s t a t i s t i c a l l y  
inhonogenous medium, in which the index of r e f r a c t i o n  sus ta ins ,  alongside 
with s m a l l  s t a t i s t i c a l  f luc tua t ions  p ,  smooth and regular v a r i a t i o n s  of 

An: 
w, 2) = 11 - A (r, z,J 11 + p (r, 4, p(r, 2)  = 0, 

(6) 
~ < 1 ,  A n K 1 .  

The regulzr  v a r i a t i o c s  of the index of r e f r a c t i o n  are so small ,  

t h a t  we may neglect  t he  r e f r ac t ion  of t he  waves and consider only t h e  
sca t t e r ing ,  which leads,  on account of s t a t i s t i c a l  f l uc tua t ions  and regu- 
l a r  va r i a t ions  of the index of r e f r ac t ion ,  t o  s i g n i f i c a n t  s c a t t e r i n g  
e f f e c t s  a t  great distances. The cor re l a t ion  funct ion of the  index of 
r e f r a c t i o n  ( 6 )  is 

- - .- 

n(r,  z )  n(r’, z3 - n(r,  z )  n(r’, z‘) = 11 - An(r,  z)] X 

X [ 1 - A n(r’, z’)] p(r, Z )  p (r‘, z’ )  = Bo[ 1 - A n(r, z)]  X (7) 
(f - r’)Z + (2 - 2’)s 

2P x 11 - An(r‘, z‘)] exp 

where Bo= $, 1 is the  average dimension of inhomogeneities. 
lat u s  u t i l i z e  expression f o r  the  scattering angle of radiowaves, 

( refer  t o  C53) : 00 

where the  mul t ip l i e r  cP(r,e) charac te r izes  the  s m a l l  v a r i a t i o n s  of refract- 
ive  index’ dispers ion,  and f ( r  - r’, c - a * )  are the  va r i a t ions ,  t ak ing  
place a t  d is tances  of the  order of the  co r re l a t ion  radius.  From (2) and (7) 
we s h a l l  obtain the  expression of the c o r r e l a t i o n  funct ion f o r  a wave, 
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propagating d o n g  t h e  direction a by the  dis tance r from the  Suz's center* 
For s u f f i c i e n t l y  great e, we have 

z = 2 { p = F  

t h e  dispers ion of the s c a t t e r i n g  angle ( 8 )  i n  the m e d i u m  with An--p is 

The numerical computation of the  r a t i o  - 
p q i j / W ( r  = 16) 

by the formula (91, a t  = const allows t o  estimate the  v a r i a t i o n s  of the  

value of scattering as a ccnsequence of regular  va r i a t ions  of An, A t  
39r.53q i t  va r i e s  in the  range 1,022 + 0,915, Since i n  r e a l i t y ,  t h e  

dimension of the  inhomogeneities v a r i e s  with the  va r i a t ion  of 3i.n the  
ind ica ted  i n t e r v a l s  within a broad range (lo2 + lo3 times), t he  accounting 
of the  dependence f = f ( r )  w i l l  change the  value of the  computed ratio by 

{I(r = 15)/1(r) times, 

The comparison of t h e  observed 
v a r i a t i o n s  of t he  s c a t t e r i n g  angles 
with the  corresponding computed values 
a t  t = const., al lows t o  judge on t he  
dimensions of t he  inhomogeneities as 
a funct ion of t he  distance from the  
center  of the Sun. 

The author expresses h i s  pa-  

t i t u d e  t o  V.V, Vitkevich for t h e  dis-  
cussion and valuable counsel. 

Fig.1. - Dependence of t he  re la -  
t i v e  d i s t o r t i o n  of source's  shape 
on the dis tance t o  Sun's cen te r :  

I n s t i t u t e  of Physics R e  ce ioe d 
of the  on 6 Sept.1964 

USSR Academy of Sc. 
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